Stress response is mediated by transcription of stress responsive genes. F-box motif protein 11 Saf1 involves in SCF-E3 ligase mediated degradation of the adenine deaminase, Aah1 upon 12 nutrient stress. Four transcription regulators, BUR6, MED6, SPT10, SUA7, have been 13 reported for SAF1 gene in genome database of Saccharomyces cerevisiae. Here in this study 14 an in-silco analysis of gene expression and transcription factor databases was carried out to 15 understand the regulation of SAF1 gene expression during stress for hypothesis generation 16 and experimental analysis. The GEO profile database analysis showed increased expression 17 of SAF1 gene when treated with clioquinol, pterostilbene, gentamicin, hypoxia, genotoxic, 18 desiccation, and heat stress, in WT cells. SAF1 gene expression in stress conditions 19 correlated positively whereas AAH1 expression negatively with RLM1 transcription factor, 20 which was not reported earlier. Based on analysis of expression profile and regulatory 21 association of SAF1 and RLM1, we hypothesized that inactivation of both the genes may 22 23 for cellular growth response to stress causing agents, showed tolerance to calcofluor white, 24 SDS, and hydrogen peroxide. On the contrary, saf1Δrlm1Δ showed sensitivity to MMS, HU, 25 DMSO, Nocodazole, Benomyl stress. Based on in-silico and experimental data we suggest 26 that SAF1 and RLM1 both interact genetically in differential response to genotoxic and 27 general stressors. 28 Introduction: 29 The natural population of eukaryotic cells, mostly microorganism remains in non-dividing 30 state and proliferate upon nutrients availability (GRAY et al. 2004).The proliferation of 31 Saccharomyces cerevisiae cells from in and out of quiescence phase due to nutrients 32 availability or stress condition remains an active research area for both basic research and 33 biotechnological purpose. Upon nutrient deprivation yeast cells stop dividing and enter into a 34 stationary phase. This transition leads to glycogen accumulation and reduced cell wall 35 porosity which makes cells to resist stressor which increases survival probability. Mutant cell 36
contribute to stress tolerance. The experimental analysis with the double mutant, saf1Δrlm1Δ phosphorylated and activated by the MAP-kinase Slt2p (WATANABE et al. 1997) . The
71
Saccharomyces cerevisiae cells treated with calcofluor white and zymolyase showed the 72 activation of Slt2p MAP kinase pathway and Rlm1 as final signalling molecule regulated 73 the expression of genes related to cell wall integrity (BOORSMA et al. 2004) . 74 Gene expression omnibus database (GEO) at the National Center for Biotechnology 75 Information (NCBI) is repository of genome wide gene expression data submitted by 76 different laboratories on different model organism. The database allows the mining of 77 microarray based gene expression information on model organism using both experiment-78 centric and gene-centric approach (BARRETT and EDGAR 2006) . The GEO profile can be 79 checked as gene name or ID across all the experimental condition and experiment type 80 (BARRETT et al. 2005) . Gene expression is dependent on the transcriptional network which 81 relates to the coordinated expression, involving interaction of transcription factors and 82 promoters of multiple genes (HUGHES and DE BOER 2013) . The Yeast transcription database 83 YEASTARCT (Yeast Search for Transcriptional Regulators And Consensus Tracking) allows 84 the search of association between the transcription factors and gene expression in variety of 85 experimental condition (http://www.yeastract.com). It is repository of curated association 86 between transcription factors and genes in Saccharomyces cerevisiae (TEIXEIRA et al. 2018) . 87 DNA microarray technology has been useful which measure the gene expression in response 88 to stress caused by environmental changes (WANICHTHANARAK et al. 2014) . It also allows 89 understanding of transcriptional regulations during stress. The Yeast stress expression 90 database (yStreX: http://www.ystrexdb.com/) is source for analysis of gene specific 91 expression pattern during stress. The database has collection of genome wide expression data 92 on stress response in S. cerevisiae (WANICHTHANARAK et al. 2014) . 93 Here we have studied the Gene Expression Omnibus profile database (GEO) for 94 expression status of SAF1 gene during stress conditions in WT cells. Yeast transcription 95 databases were investigated for association of transcription factors with the SAF1 expression 96 during stress. The regulatory association analysis was done to understand, transcriptional 97 regulation of target genes by transcription factors during stress. Further, yeast stress 98 expression database (yStreX) was also analysed the expression status of SAF1 and their 99 associated transcription factor upon stress to generate hypothesis and validated by 100 experimental. Here, we report RLM1 as novel transcription factor regulating expression of 101 SAF1 during stress through in-silico analysis. Further, we hypothesized that ablation of both 102 the genes may contribute to stress tolerance. We report the loss of SAF1 and RLM1 together 103 leads to stress resistance in S. cerevisiae to selected agents.
104

EXPERIMENTAL PROCEDURES
105
In-silco analysis of gene expression omnibus profile database (GEO): The Gene
106
Expression Omnibus (GEO) profile database (https://www.ncbi.nlm.nih.gov/geoprofiles/) 107 was searched using gene symbol (SAF1) to study the expression profiles during stress in S. 108 cerevisiae wild type cell. The profile data was studied for expression status of SAF1 gene in
In-silco analysis of yeast stress expression database (yStreX):
The Yeast stress expression 117 database (http://www.ystrexdb.com/) was analysed for expression of SAF1, AAH1, and 118 RLM1 transcription factor. An advanced search was conducted for SAF1 and RLM1 genes at 119 default cut-off (log2 Fold Change > 1.5) and (adjusted p-value at < 0.05) under all 120 experimental class. The results on the expression status of genes included the statistical 121 values and biological features for specific conditions.
122
Yeast Strains and plasmids -Saccharomyces cerevisiae strain, BY4741 (Mata his3Δ1 leu2Δ0 123 met15Δ0 ura3Δ0) and JC2326 cir0, leu: his, 124 Ty1NEO-588, Ty1 (tub: lacs)-146) were used in this study ( Table 1) . The list of plasmids 125 used for generation of marker cassette mentioned in the Table 2 and primers in Table 3 126 Growth Assay -For growth assessment of the WT (BY4741), saf1Δ, rlm1Δ and saf1Δrlm1Δ 127 in YPD broth, optical density (OD600nm) measurement was carried using TOSHVIN UV-YPD medium in 1:10 ratio. Cells were grown to log phase and collect by centrifugation. The were diluted and grown in fresh YPD medium for 3-4 hrs so as to reach log phase (OD600 152 0.8-1.0). The cultures concentration was adjusted by dilution to that they are equal by OD at 153 600nm followed by ten-fold serial dilution and spotting of 3µl volume from each dilution 154 onto YPD agar plates with and without stress agents. The plates were incubated at 30°C for 155 2-3 days and cellular growth of the WT and mutants were recorded.
156
Assay for Ty1 retromobility -The Ty1 retro-mobility assay was performed as per method 157 mentioned in the study (SCHOLES et al. 2001; BAIRWA et al. 2011 ) Sharma et. al 2019 biorxiv archived data www.biorxiv.org.). The reporter strain JC2326 was used for 159 construction of deletion derivatives (saf1Δ, rlm1Δ, and saf1Δrlm1Δ). Each strain carried a counted and grouped according 0, 1, 2, and multi nuclei per cell, more than two nuclei per 185 cell indicated the nuclear migration defect.
Statistical methods-Statistical significance of observations was determined using paired 187 student t-test. P-value less than 0.05 indicated significant.
188
Results
189
SAF1 overexpressed in WT cells treated with stress agents -
The GEO profile analysis 190 showed elevated expression of SAF1 gene during, Clioquinol, Pterostilbene, Gentamicin, 191 hypoxia, genotoxic, desiccation, and heat stress in WT cells (Figure S1-S7 and Table 4 ; 192 source GEO profile data base NCBI). Msn2p, Msn4p, Aft1p, Rap1p, and Rlm1p) showed association with AAH1 during stress 199 ( Table 5) . Rlm1 found to be common transcription regulator both SAF1 and AAH1 genes 200 (Figure 1) . A regulatory association analysis showed RLM1 as positive regulator of the 201 SAF1 gene and negative regulator of the AAH1 gene. Furthermore, analysis of yeast stress 202 expression database (yStreX) showed 2-fold elevated expression of SAF1 and RLM1 upon 203 stress condition ( Table 6 ). Based on in-silico analysis we suggest that upon exposure to 204 stress, expression of RLM1 leads to upregulation of SAF1 and downregulation of AAH1, 205 resulting in quiescence phase induction during stress, due to reduction in Aah1 activity both 206 transcriptionally and post-transcriptionally. Further, we hypothesized that deletion of SAF1 207 and RLM1 together may contribute to stress tolerance.
193
RLM1 transcription factor associates with SAF1 expression during stress-An in-silico
208
Loss of SAF1 and RLM1 together showed no growth defects -Comparative growth 209 assessment of WT, saf1∆, rlm1∆ and saf1∆rlm1∆ in liquid and solid rich medium showed 210 growth reduction in saf1∆, rlm1∆ and saf1∆rlm1∆ as compared to WT (Figure 2, A C) . 211 Similarly, no distinguishable difference was observed in the morphology of the WT and 212 mutant strain (Figure 2 B) . 213 214 Calcofluor white is a fluorochrome stain which perturbs the cell wall whereas SDS is 215 membrane disrupting agent. Calcofluor binds to chitin and cellulose. The Calcofluor white 216 stained cell observed under fluorescence microscope showed mother daughter neck region 217 stained in WT S. cerevisiae. The saf1∆rlm1∆ stained cell showed staining of entire cell wall 218 region when compared with WT and saf1∆ (Figure 3 A) . The relative fluorescence intensity 219 was also synergistically elevated in the saf1∆rlm1∆ cell in comparison to either saf1∆ or 220 rlm1∆ (Figure 3 B) . The cellular growth response of WT, saf1∆, rlm1∆ and saf1∆rlm1∆ 221 strains in calcofluor white (30µg/ml) and SDS (0.0075%) showed tolerance (Figure 3 C, 224 Hydrogen peroxide (H 2 O 2 ) and Dimethyl sulfoxide (DMSO) both are oxidative stress causing 225 agents (KWAK et al. 2010; SADOWSKA-BARTOSZ et al. 2013; QI et al. 2019) . We investigated 226 the cellular growth response of the WT and saf1∆, rlm1∆, saf1∆rlm1∆ cells in presence of 227 2mM H 2 O 2 and 8% DMSO using spot assay. We observed that WT, saf1∆, rlm1∆, and 228 saf1∆rlm1∆ cells showed the tolerance to the indicated concentration of H 2 O 2 and DMSO 229 (Figure 4A, B) .
Loss of SAF1 and RLM1 together leads to tolerance to Calcofluor White and SDS stress
D).
223
Loss of SAF1 and RLM1 together leads to tolerance to H 2 O 2 and DMSO
230
Loss of SAF1 and RLM1 leads to tolerance to Glycerol and NaCl stress-A high
231 concentration of external glycerol and NaCl leads to expression of osmotic stress response 232 genes. We tested cellular growth response of WT and saf1∆, rlm1∆, and saf1∆rlm1∆ cells in 233 4% of glycerol and 1M NaCl. We observed that WT, saf1∆, rlm1∆, and saf1∆rlm1∆ showed 234 tolerance to 4% glycerol and 1M NaCl in spot assay. (Figure 5A, 5B) whereas failed to grow 235 in presence of 1.4M NaCl (data not shown). This suggests that saf1∆rlm1∆ cell tolerates inhibitor and causes DNA replication defects by inhibiting the activity of ribonucleotide 241 reductase (RNR). Here, we tested the cellular growth response of the WT, saf1∆, rlm1∆, and 242 saf1∆rlm1∆ cells in presence of 0.035% MMS and 200mM HU by spot assay. We observed 243 that saf1∆rlm1∆ cells showed growth pattern similar to WT, saf1∆ and rlm1∆ cells however 244 sensitive to hydroxyurea in comparison to WT, saf1∆ and rlm1∆ cells (Figure 6B, C) . 246 Benomyl and Nocodazole both are microtubule depolymerizing agents which lead to 247 apoptosis (THOMAS et al. 1985; JORDAN and WILSON 2004) . We investigated the cellular 248 growth response of WT saf1∆, rlm1∆, and saf1∆rlm1∆ cells in presence of 100µg/ml 249 benomyl and 50µg/ml Nocodazole. We observed that WT, saf1∆, rlm1∆ and saf1∆rlm1∆ 250 showed sensitivity to both microtubule drugs in spot assay (Figure 7A, 7B) . The image 251 analysis of the cells exposed to Hydroxyurea and Nocodazole showed characteristic 252 elongated buds in WT, saf1∆, rlm1∆, and saf1∆rlm1∆ as compare to the cells grown on rich 253 media without HU and Nocodazole (Figure 8) .
245
Loss of SAF1 and RLM1 together leads to sensitivity to Benomyl and Nocodazole
Loss of SAF1 and RLM1 together showed increased multi-nuclei phenotype-The absence
255 of both the genes leads to sensitivity to genotoxic stress, suggesting there may be defect in 256 nuclear DNA division. We investigated the status of nuclear DNA in the cells using DAPI in 257 WT, saf1∆, rlm1∆, and saf1∆rlm1∆ cells (Figure 9 A) . We observed that 80% WT cells, 258 showed compact nuclei as single dot whereas in 20% saf1∆ and 28% saf1∆rlm1∆ cells 259 showed the multi nuclei phenotype (Figure 9 B) . However, multi-nuclei phenotype was not 260 observed in rlm1∆ cells.
261
Loss of SAF1 and RLM1 together showed elevated Ty1 retro-transposition-DNA
262 replication stress and DNA damage both leads to increase in Ty1 retro-mobility in S. 263 cerevisiae. We studied the Ty1 retromobility in the WT, rlm1∆, saf1∆ and saf1∆rlm1∆ 264 genetic background. We observed ~ 40-fold increase in the Ty1 retromobility in the rlm1∆ 265 whereas saf1∆rlm1∆ cells showed ~120-fold increase in Ty1retromobility in comparison to 266 WT (Figure 10 A, B) .
267
Discussion: 268 Here in this study we report the genetic interaction between transcription factor RLM1 and F-269 box motif encoding gene SAF1. The expression of SAF1 was elevated during various stress 270 conditions in WT cells as indicated by GEO profile analysis. These initial observations lead 271 us to search for transcription factor may be associated with expression of SAF1 during stress.
272
The search for transcription factor using YEASTRACT database suggested Rlm1 as novel 273 transcription factor for SAF1 during stress. The regulatory association search between SAF1, 274 AAH1 and RLM1 showed that RLM1as positive regulator of SAF1 and negative regulator of 275 AAH1 genes expression. Further analysis using yStreX database suggested that both SAF1 276 and RLM1 expression was elevated during the stress condition in WT cells whereas the 277 AAH1 expression was downregulated. These observations supported the AAH1 gene model, where during phase transition from proliferative state to quiescence phase upon nutrition 279 stress, Saf1 recruits Aah1 for ubiquitination and degradation. It is expected that during stress 280 condition the transcription of AAH1 should be downregulated and SAF1 upregulated. The 281 RLM1 involvement was not discovered. We report that RLM1 as transcription factor 282 regulates the expression of SAF1 and AAH1 during stress. Based on in-silico analysis, it was 283 hypothesized that ablation of SAF1 and RLM1 together may lead to stress tolerance in the and microtubule inhibitor drug. The double mutant cell also showed the elevated Ty1 retro-289 transposition and multi nuclei phenotype indicating the genome instability phenotype. Further 290 the mechanism of stress tolerance exhibited by saf1∆rlm1∆ cells needs further studies.
291
However present study suggest a model (Figure 11) where WT cell shows sensitivity to the 292 stress agents due to increased expression of RLM1 transcription factor which regulates 293 expression of SAF1(positively) and AAH1 (negatively) genes during general stress. The 294 ablation of both RLM1 and SAF1 together contributed to stress resistance due to loss of 295 signaling. Based on the in-silico data analysis and experimental validation we suggest that 296 RLM1 is novel transcription factor which regulates the expression of SAF1 and AAH1. 
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Cellular growth response of WT, saf1∆, rlm1∆, and saf1∆rlm1∆ cells in presence of 4% 502 glycerol. The saf1∆rlm1∆ cells showed tolerance to glycerol in comparison to WT B.
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Cellular growth response of WT, saf1∆, rlm1∆, saf1∆rlm1∆ cells in presence of 1M NaCl.
504
The saf1∆rlm1∆ cells showed tolerance to 1M NaCl similar to WT. 
